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ABSTRACT
What could be called a Catch-22, or at least a thorny obstacle, exists in the standard development cycle. A
component does not get into space until it’s proven, and it’s not proven until it gets into space. Of course, this is not
absolute, but a gray area nevertheless exists in this aspect of the development cycle. This paper proposes the
insertion of a test flight into the standard development cycle and, in the process, will detail the logistics, options, and
costs associated with such a proposal. Finally, it will outline the ways in which customers—those purchasing new
technologies—can use the concept of test flights to their advantage in the buying process.
INTRODUCTION

if your customer, instead of calling for yet another
review, would ask you to fly a development unit to
prove the design you just laid out? How does one go
about incorporating a test flight into the standard
development cycle to raise their emerging technology's
Technology Readiness Level (TRL) to the point of
“customer buy-in”? The answer to this question would
be the “enabling” approach to crossing the TRL “valley
of death.” This paper will outline how and where a test
flight can be inserted into the development cycle; it will
summarize the solutions of how to fly a new
component; and it will detail the costs involved in such
a flight and the quick development cycle required. The
final discussion will then analyze not only how specific
technologies would benefit from a test flight but also
how “customers” (including civil, military, and
commercial) can change their acquisition strategies to
include or accept the notion of a test flight and how that
flight could cross many of the typical hurdles found
before full mission operations begin.

How do you transition your technology from the
“development stage” to “operationally ready”? How
can you prove your concept is valid “beyond a shadow
of a doubt”? At what stage in the standard development
cycle (i.e., conceptual-, preliminary-, critical-, and
flight readiness review) does your customer “buy into”
your product? These are gray areas for everyone. There
is no specific stage in the development that you can
prove to your customer that your brand new technology
is going to accomplish the mission, that is, until it gets
into space and actually proves it can deliver.
Even beyond convincing your customer, managers and
engineers face other uncertainties including knowing at
what point are you assured that your technology will
see the vacuum of space, knowing when your customer
will actually manifest you on a flight, and exactly how
many other factors (congressional, other companies'
subsystem integration, or popular support) may get in
the way of that launch date. The truth is that even
getting space-ready instruments into orbit is yet another
hurdle to cross for emerging products.

Redefine Technologies has worked with NASA to
develop a small-satellite testbed for testing instruments
and demonstrating new technologies on orbit for this
new mission. It is called the Testbed for Responsive
Experiments and Demonstrations in Space (TREADS).
TREADS payloads might be new components

What if there was a way to write into your development
cycle or business plan a test flight of your device? What

Figure 1: Live Test in the Standard Development Cycle of Other Industries
Wichman

1

23rd Annual AIAA/USU
Conference on Small Satellites

increasing their TRL in order to reduce risks or tactical
instruments on the “wish list” for multi-million dollar,
dedicated missions. This paper will outline the research
undertaken to develop our own business plan to assist
other company's in getting their new technology to
market. This paper will identify the benefits of such an
approach to advancing the current state-of-the-art in the
aerospace field. Ultimately, we will present the actual
decision-making processes of the managers of the
instruments that will be flying on the first TREADS
launch in 2010.
INSERTING A TEST FLIGHT
DEVELOPMENT CYCLE

INTO

Look, also, at a pharmaceutical firm. Here, the analogy
to the aerospace industry might be more apt. In fact, in
some instances, the risk associated with the
introduction of a new drug may be much greater than
that of a new aerospace component, as it can expose
thousands of human patients to mortal risk. The
process, of course, begins with research and
development, in itself a costly upfront investment,
considered a massive sunk cost. However, even the
hundreds of millions sunk into research and
development don’t compare to the risk exposure
undertaken when a new drug is introduced to market.
Again, if the pure financial strain of a disaster does not
wreck the firm, the reputation hit might. So what does
the pharmaceutical firm do? They test the product. First
on rats or other biological simulators. Then, of course,
on humans—humans in desperate need of a solution,
even an experimental one. This, again, is a costly and
risky exercise, but nowhere near as costly and risky as
full-scale introduction to market.

THE

Industry Analyses
Industries outside aerospace see a development cycle
very similar to the aerospace development cycle with
two critical differences: theirs is much shorter and
lower risk. The principle source of the distinction may
seem obvious. Aerospace firms plan to launch their
product into space. This involves massive financial
investment, and, thus, mission-critical components take
on massive risk, risk that passes on to the developers of
those components. However, non-aerospace firms also
bear a great deal of risk in the development and
introduction of a new product. Millions of dollars can
be lost in the introduction of a failed product, not to
mention costly damage to reputation. Yet nonaerospace firms nevertheless have development cycles
that mitigate this risk and encourage innovation.

The point, of course, is that the aerospace industry
needs to start doing the same thing. Presently, there is
ground-based testing. This is analogous to the focus
group, the rats. It’s a simulated test. What aerospace
needs is the test market, the live trial. New aerospace
products should be exposed to real, in-situ conditions
before their success is mission-critical. It’s costly and
risky, but so much less so than the present process that
it would actually drastically reduce the overall risk,
time, and expense of development cycles and, in the
process, stimulate aerospace innovation.

Imagine Proctor & Gamble introducing a new product.
Once they've established that there exists interest in
such a product—via various forms of market survey—
they begin development of a prototype. Although a
costly investment, it pails in comparison to the cost of
introducing a failed product. The introduction of a
product, and whether or not it sells, can be seen as the
first launch of an aerospace component, the moment at
which reputations are on the line and firm’s risk their
survival. So what does Proctor & Gamble do to
mitigate this risk? They test the product, first in focus
groups and depth interviews, that is, in a controlled
environment. If the product fails to pass this scrutiny,
it’s either scrapped or reworked. Risk successfully
mitigated. However, if it passes this scrutiny, it’s often
subjected to a much more real-world test: the test
market. In other words, the non-aerospace firm actually
introduces the product—with full-blown promotion—
into a geographically isolated area. It’s costly. It’s risky
—both financially and in terms of reputation. However,
it exposes the firm to only a fraction of the cost and risk
associated with full-scale introduction of the product.
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Aerospace Development Cycle with Test Flights
The typical aerospace development cycle is shown in
Figure 2. The producer starts with a conceptual design
of their system and presents that to their customer in a
Conceptual Design Review (CoDR). They refine the
concept into a preliminary design and present that at the
Preliminary Design Review (PDR). If there are no
major stumbling blocks, then they get down to the “nuts
and bolts” of their design and specify everything
possible for one last Critical Design Review (CDR)
before the building can take place. Occasionally, a
company will build a prototype of their device and put
that prototype through some tests during the critical
design. However, much of the real prototyping with an
eye on flight is done during the build phase. Right
before launch of the new component, a Flight
Readiness Review (FRR) provides the final stamp of
approval in the customer’s eyes that the component is
ready for its mission-critical task.
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Figure 2: The Standard Development Cycle for the Aerospace Industry1
Each stage of the engineering process mentioned—
CoDR, PDR, CDR, FRR—exist solely to ensure to the
customer that the new product is ready for “the
market,” i.e., its mission-critical task. And yet, the
component has never been in space. It has never proven
its engineering or science merit in a “test market,” i.e.,
on a test flight. And yet, there are plenty of
opportunities to engage in that test flight throughout the
aerospace development cycle for most components.
Three examples illustrate this:

that all the science hypotheses were right. This would
essentially shelve that discussion so the team could
concentrate on the technical aspects of turning the
prototype into the full fidelity instrument.
Note: Special considerations will always apply when
building a prototype for a “one-off” high-precision,
science instrument to avoid essentially building two of
the same high-cost, high-precision, science instruments.
However, building smaller versions of any instrument,
using off-the-shelf components, minimizing labor
hours, and limiting verification procedures can reduce
the cost of prototyping for test flights in all
circumstances.

High-precision, science instrument. If the new
component is a high-precision, science instrument that
delves into the very unknown portions of the universe,
the development cycle will spend an extraordinary
amount of time proving in our limited terrestrial
laboratories that the science will work in space and it
will yield incredible results to warrant the money spent.
Without a test flight, this would seem to be an essential
path so as not to waste taxpayer money (assuming the
government is paying for this particular component).
However, a test flight can solve numerous issues even
beyond the technical ones. For this instrument, perhaps
a test flight in association with the PDR is most
appropriate. Data from a prototype instrument could
potentially “confirm or deny” the merits of the
preliminary design you are developing. It could point
out shortfalls that all the paper-reviews in the world
would miss, or, better yet, it could definitively show
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Engineering solution to obtain more capability. If
the new component is a new widget that is envisioned
to increase the industry standard for a particular
subsystem on the spacecraft, then perhaps a test flight is
most appropriate at or immediately following the CDR.
The design is near its final design review, and the
merits of why it’s being produced are well understood.
The main issue in front of a component at this stage is
what mission can it be applied to and will that mission
accept the risks associated with the new product. A test
flight at this level will set the stage for immediate
acceptance into a new program. Again, we’re still
talking about flying a prototype of the instrument
because the actual build phase has not begun. However,
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the concept will have been proven from the test flight
and the new mission can concentrate on the
manufacturing quality of the final product instead of the
pros and cons of flying an untested product.

even though it was the old model that flew on mission
X? Can they convince someone to buy it, despite other,
flight-tested options that may be out there? Of course,
they could stop making the “old model” so therefore the
new one is the only option. However, if their
competition has the term “flight proven” next to theirs,
the new component may be “out ranked.”

Improvement on past product. Components that build
upon past products have a similar hurdle to jump. Such
components are almost automatically past the PDR
stage since the first model has flown. Even if the
modification was significant, the CDR is typically
straight forward. The new model could even have
potential customers waiting for it. The main issue is a
marketing one for the innovating company. Can they
convince their customer to use the new component,

Technology Readiness Levels (TRLs) are another
indicator to potential customers as to a new product's
preparedness for use. Table 1 shows the definition of
each TRL. The primary purpose of using Technology
Readiness Levels is to help management in making
decisions concerning the development and transitioning

TRL
1. Basic principles observed
and reported

Description
Lowest level of technology readiness. Scientific research begins to be translated
into applied research and development. Example might include paper studies of a
technology's basic properties.

2. Technology concept and/or Invention begins. Once basic principles are observed, practical applications can be
application formulated
invented. The application is speculative and there is no proof or detailed analysis
to support the assumption. Examples are still limited to paper studies.
3. Analytical and
experimental critical function
and/or characteristic proof of
concept

Active research and development is initiated. This includes analytical studies and
laboratory studies to physically validate analytical predictions of separate
elements of the technology. Examples include components that are not yet
integrated or representative.

4. Component and/or
breadboard validation in
laboratory environment

Basic technological components are integrated to establish that the pieces will
work together. This is "low fidelity" compared to the eventual system. Examples
include integration of 'ad hoc' hardware in a laboratory.

5. Component and/or
breadboard validation in
relevant environment

Fidelity of breadboard technology increases significantly. The basic technological
components are integrated with reasonably realistic supporting elements so that
the technology can be tested in a simulated environment. Examples include 'high
fidelity' laboratory integration of components.

6. System/subsystem model or Representative model or prototype system, which is well beyond the breadboard
prototype demonstration in a tested for TRL 5, is tested in a relevant environment. Represents a major step up
relevant environment
in a technology's demonstrated readiness. Examples include testing a prototype in
a high fidelity laboratory environment or in simulated operational environment.
7. System prototype
demonstration in an
operational environment

Prototype near or at planned operational system. Represents a major step up from
TRL 6, requiring the demonstration of an actual system prototype in an
operational environment, such as in an aircraft, vehicle or space. Examples
include testing the prototype in a test bed aircraft.

8. Actual system completed
and 'flight qualified' through
test and demonstration

Technology has been proven to work in its final form and under expected
conditions. In almost all cases, this TRL represents the end of true system
development. Examples include developmental test and evaluation of the system
in its intended weapon system to determine if it meets design specifications.

9. Actual system 'flight
proven' through successful
mission operations

Actual application of the technology in its final form and under mission
conditions, such as those encountered in operational test and evaluation. In almost
all cases, this is the end of the last "bug fixing" aspects of true system
development. Examples include using the system under operational mission
conditions.
Table 1: DoD definitions of Technology Readiness Levels (TRLs). NASA definitions are slightly different in
their descriptions, but essentially the same.
Wichman
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of technology2. While the TRLs help evaluate where a
technology is in its development cycle, the requirement
that components must be at a particular TRL before use
in certain programs creates a conundrum similar to the
above discussion: if a project requires a TRL but
doesn’t have one yet, how can we use it without a test
flight or someone else's project taking the risk for us?

NEW COMPONENT FLIGHT SOLUTIONS
The first flight of one of Redefine Technologies'
satellite test beds, called TREADS, is considering the
components listed on the left of Figure 3. Adding into
our formula for a successful demonstration flight, we
have launch opportunities listed in the middle of Figure
3. Each customer has given us a list of “mini-missions”
that would illustrate their technology's capabilities.
Given that information, we can now work through an
iterative process of choosing which components work
with which launch opportunities to create a single or
combinable set of mini-missions to employ on a single
spacecraft. If some of the components “fall out” of the
present scenario, we come up with a second mission
that can fit them. The “sponsors” of the technology (the
customer’s customer) are also consulted in this
flowchart to make sure any give-and-take in their
original “mini-mission” request are adequate for their
risk-reduction purposes. Some of the components and
their requirements are shown in Table 3.

One possible solution for the program that requires an 8
or 9 TRL is to fly the components themselves as part of
a “risk-reduction” approach. The company marketing a
new component can think about increasing their TRL
with their own test flight, or their customer can write
into the solicitation a test flight milestone as part of
their risk-reduction process. The next section will
investigate several examples of test flights in the
planning stages and how those test flights will help
their program or company goals. However, as will be
shown, it is important to not only look at the customer's
goals but to look at the customer's customer's goals. In
other words, if the customer is a company, how should
a test flight be structured to actually convince their
decision makers to use the component? Simply turning
on the component in most cases won’t work. One has to
come up with a “mini-mission” scenario that will
demonstrate the component in an operational mission
environment. For most components, this is simply
running in the space environment without failure within
the operational limitations for that device (i.e., operate
for 99.9% availability for critical components). One
does walk the fine line of “requirements creep” when
deciding on what “mini-mission” is sufficient for test
purposes
without
getting
too
“anxious” to just go ahead and just perform the
mission. The examples in Figure 3 and Table 3
illustrate where components from prototype stages to
actual, final flight hardware can be successfully put
through a test flight to advance the state-of-the-art and
avoid the conundrums above.

TEST FLIGHT COSTS
Typical Cost Reductions
The cost of testing a component on a dedicated satellite
will, of course, be dependent on the cost of the satellite
itself, on the launch, and on the mission operations. The
typical cost reductions known throughout the aerospace
industry apply:

•
•

If we had more launches per year for the launch
providers, we could reduce the cost of each
launch
The testbed satellite can launch as ridesharing
secondary payloads

Figure 3: Decision flow for incorporating new technologies onto a test flight.
Wichman
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TREADS requirements
Small

Medium

Mass

0 – 10 lbs (0 – 5 kg)

5 – 20 lbs (2.5 – 10
kg)

10 – 40 lbs (5 – 20
kg)

30 – 60 lbs (15 – 30
kg)

Volume

PC104 or 3u board

6u board or
standalone
component

Standalone
component or
multiple boards

Entire spacecraft
volume (20 x 20 x
16 in)

Power

0–5W

0 -10 W

0 – 20 W

0 – 50 W

Data downlink

0 – 500 KB / day

0 – 1 MB / day

0 – 3 MB / day

0 – 6 MB / day

Payload manager (script
size, processor
capability, special
requirements, etc.)

Light-duty

Medium-duty

Heavy-duty

Dedicated

Cost of spacecraft,
I&T, launch, and
mission ops

10 – 25 %

20 – 40 %

35 – 85 %

100 %

Payload size 

Large

Entire

Table 2: Approximate TREADS mass, volume and power breakouts.

•
•
•
•

to drive the final cost. Similarly, if volume, power or
the special requirements are significant, then the MVPs
will show themselves when compared to the other
payloads. Table 2 shows a qualitative division of
payload qualifiers versus their ultimate cost points.

Small satellites ranging from cubesats to ESPAclass platforms offer performance that can
“scale” according to the needs of the payload
“Bulk-buy" purchases of satellites or testbeds,
can significantly reduce the cost of each satellite
Flying components that only need to survive the
minimum mission lifetime will be cheaper than
flying the most advanced options
A
government
“champion”
or
“primary” test payload will enable opportunities
for smaller devices to accompany the rideshare
flight

RAPID TEST FLIGHT CYCLE
The key to satisfying any aerospace project’s budget is
to be streamlined. The typical development cycle itself
is typically long enough to encounter numerous
unforeseen circumstances along the way. Keeping the
unforeseen to a minimum is a well managed and likely
on-budget approach. So adding a test flight in the
middle of that cycle can be unnerving to the budget
besides the simple cost of the test flight itself. Adapting
a rapid test flight cycle is key to not only the bottom
line of the program but simply to enable the test flight
to “make sense” within the confines of what is usually a
“tightly run ship” to achieve the real milestone of the
final flight article.

All, or a combination of these cost reduction measures
will help drive down the final price of each “minimission” as it is split among the test payloads.
Test Flight Pricing
The approach we use at Redefine Technologies is based
on our Mass-Volume-Power-Special Cost Model (a.k.a.
MVPs Cost Model). Instead of calling the size, weight,
and power (SWaP) parameters according to their
industry standard, we determine which parameter is the
“most valuable player” in the cost model. For instance,
if mass is more than 50% of what is available, while the
volume and power consumed are minimal and there are
no special requirements, then the mass is the mostvaluable-parameter of the cost model and that will tend
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Several models can help steer the test flight cycle to
function appropriately:

•
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Xtreme Programming model. This software
development model emphasizes building the
“test harness” first, before any work is done on
the project. The purpose of this is to create the
device that will test when you’ve hit the “end
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Component
Structural
composite panel

Mini-Mission
Just launch into
space

Composite
mechanical arm

Deploy a 10kg
instrument

FPGA
technology

Deploy into a high
radiation
environment

Cryptology
device

Stream comm data
through and decrypt
on the ground

Autonomous
flight software

Run as "shadow"
application on real
data to make
decisions

Imaging device

Deliver picture of
Earth features

GPS occultation

Take occultation
readings

Software
defined radio

Transmit data on
various frequencies,
receive data on
various frequencies
Take radiation
readings

Dosimeter

Requirements
Orbit: any
Min length of mission: 1 day, 1 year would show material stability
properties (optional)
Other requirements: image of panel on spacecraft before launch;
company will run structural validation for any given mission;
temperature sensor readings of material over 1 year mission
(optional)
Orbit: any
Min length of mission: 1 day of maneuvers in various thermal
environments
Other requirements: image of panel on spacecraft before and after
deployment; vibrational readings of structure after maneuvers in
various thermal environments
Orbit: MEO, GEO, GTO
Min length of mission: 1 year or longer
Other requirements: continual data feed into connector and
comparison of output against "golden" expected values, downlink
discrepancies.
Orbit: any
Min length of mission: 1 month
Other requirements: ability to upload new algorithms and load onto
payload
Orbit: any
Min length of mission: 6 months
Other requirements: ability to turn on data streams on which to
make decisions; ability to turn on output streams to actually control
devices based on those decisions (optional)
Orbit: LEO
Min length of mission: 6 months
Other requirements: narrow temperature ranges of optics; high
memory usage; high download requirements
Orbit: LEO
Min length of mission: as long as possible because data is useful
Other requirements: 80% duty cycle (optional)
Orbit: any
Min length of mission: 6 months
Other requirements: need antenna capable of broad freq range
Orbit: any, GTO (optional/preferred)
Min length of mission: 1 year or as long as possible
Other requirements: low power requirements; multiple missions
(desired)

Table 3: Potential TREADS customers

•

goal” first, so you can run it often while you’re
developing the component. In this way, you will
know when you’re done. A test flight of a
component in space can be thought of as running
your test harness so you know if you’re at least
approaching your goal of the final deliverable.
XPrize model. This model was used to offer a
reward to the first person to achieve the final
goal of repeatedly launching a reusable vehicle
into space. The incremental test flights of these
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vehicles increased the capability of the product
until it met its goal. While incremental
improvements are not radical ideas, it was the
incremental testing in an in-situ environment that
moved the designs off the drawing boards
quickly and into the flight regime for actual
testing.
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TREADS-C

TREADS-H

TREADS-S
Figure 4: TREADS Family of Satellite Buses
• Inventors (of any product). Your average garage
inventor invents. Typically they are not
marketing people, they are not their own best
critic, but they are their own financier. They get
things into their “in-situ environment” (i.e., into
their users’ hands) as soon as they come off the
bench. There are many failed “introductions to
the market,” but they are unstifled in their
creativity and keep working to improve the
product until it fits.
• Student model. Evidenced by the achievements
of the cubesats and University Nanosat Program
by students all around the nation, the excitement
to fly their creation drives innovation. Without
the chance to fly their component, the “paper
study” of yet another atmospheric drag
experiment would not attract the workforce-intraining that it does today. A similar stigma
exists in the professional industry, the possibility
of a flight (even a test flight), spurs innovation
and excitement and yields faster results as the
team
approaches
their
“demonstration
deadlines”.

critical role. The needs of investing so much time and
money into making a payload 99.99% mission ready on
paper before attempting the insertion into the space
environment could be reduced, and innovation can
flourish.
Agencies such as NASA or DoD may want to consider
adding the possibility of test flights into their
acquisition process to take advantage of the benefits
outlined above. There probably is not an “across-theboard” way of doing this as solutions proposed by some
companies will already have the heritage required to fly
right away. However, many of the state-of-the-art and
research investigations stop suddenly on the TRL
“valley of death” when trying to cross the TRL 6-8
hurdle. A path towards keeping that research active as it
approaches those hurdles is necessary.
In the SBIR world, for example, an SBIR-dedicated
satellite (an SBIR-Sat, if you will) would answer that
problem—a recurring satellite “mini-mission” that is
dedicated to testing new components. This satellite
could be a single-sized generic bus or it could be a
family of multiple platforms to better fit the needs of
the varying number of experiments to run each year. It
is important that this SBIR-Sat should be given 1-2
launch times each year for commercial, civil and DoD
developers to work towards. A known launch “cycle”
for new technologies would inspire not just the Phase
III commercialization efforts that are well underway
starting in Phase I or II, but it would inspire “finalizing”
the technology for the purposes of launch into a test
environment. Therefore, the “operational” capability
would be multiple steps closer.

CHANGES TO INVESTIGATE
So how can the industry change its approach to lower
development costs in general? This is ultimately an
appeal to long-term self-interest, the most difficult
appeal to make because of an entrenched concern for
the short-term. From the perspective of the individual
firm or funding agency, although the test flight
represents an additional short-term expense, it will
actually reduce the risk and cost structure overall
because components could have the potential to be
raised to TRL 7, 8 or 9 before they get into the mission-
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The SBIR-Sat can be purchased as a service where the
integration and test, launch and mission operations can
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Platform
(description)

Payload Mass
(kg)

Payload
Volume (cm)

Payload
Power

(72 hr period)

Downlink

TREADS-C

~2 kg

10 x 10 x ~20

6W

1 MB

Up to:
42 x 42 x 7.5

*** depends on host (050 W, 25W typical, up
to 250W at GEO)

6 MB

(Hosted platform)

*** depends on host
(0-40 kg total, 25kg
typical)

TREADS-S

ESPA - 75 kg

20 x 20 x 36

150W

100 MB

20 x 20 x 18

75W

100 MB

(Cubesat platform)

TREADS-H

(Small sat platform) ½ESPA - 30 kg

2

- TREADS platforms provide SPA-S, cPCI, RS-422, I C, and other data interfaces.
- TREADS-S has a pointing accuracy up to 1 arcsec.
- All TREADS platforms may be customized and expanded based on customer requirements.
Table 4: TREADS Bus Capabilities
be grouped into a lump-sum per component being
flown. Or, SBIR-Sat can take the approach that the
National Reconnaissance Office (NRO) did recently to
buy 10-40 cubesats to launch at their will. More
importantly, however, than buying the bus in the NRO
scenario is allocating the launches. An established
launch schedule would enable the rapid and responsive
qualifying path for new technologies that do not have to
wait for other missions to accept the risk and to get
launched. The recent TacSat series of spacecraft are
excellent examples. While they are intent on displaying
a “tactical capability” (i.e., an operational objective),
they incorporated many new technologies on-board to
qualify them for that operational objective. Given the
numerous delays of these satellites, it is obvious that an
operational satellite is not an appropriate testbed for a
sustained test platform for new technologies. Those
“new” technologies on the TacSat platforms are several
years old by the time they are finally launched and
upgraded versions are already being marketed (note: the
upgrades have not been tested in space).

(the small satellite version). A baseline of 1-2 launches
per year are tentatively planned beyond these initial
flights to support a stream of commercial, civil, and
military clients. Clients can test as few as one
component at a time in one of five slots, or they can
request the entire satellite.
Redefine Technologies has developed various
configurations of the TREADS platform to best satisfy
the customer base: TREADS-H is a hosted platform
designed to fly with another spacecraft or on a rocket’s
payload adapter; TREADS-C is a cubesat design to test
small, individual instruments; and TREADS-S is a
small satellite class that offers the greatest flexibility
and performance. TREADS-R (suborbital rocket) and
TREADS-B (high altitude balloon) platforms are also
existing platforms with abundant heritage throughout
their five year history. Instruments such as board-level
electronics (e.g., mass storage units, flight computers,
and hardware support modules), software (e.g., mission
managers, artificial intelligence, or PnP device drivers),
or full components (e.g., scientific instruments,
momentum wheels, solar panels, mechanisms, or other
subsystems) can easily be accommodated on any of the
testbed variants. TREADS platforms launch as
secondary payloads on a variety of carriers including:
the Air Forces’ EELV Secondary Payload Adapter
(ESPA), NASA’s Multiple Payload Ejector (MPE),
Space Access Technologies’ (SAT’s) RideShare
Adapter (RSA), and United Launch Alliance’s
Integrated Payload Carrier (IPC). Figure 4 shows the
TREADS family of satellite buses and Table 4 outlines
the capabilities of each bus.

SOLUTIONS
The Testbed for Responsive Experiments and
Demonstrations in Space (TREADS) is one of Redefine
Technologies' commercial services that provides a
technology and science demonstration platform
specifically designed to allow investigators to quickly
and easily integrate and launch their instrumentation
into an orbiting test environment. Two potential
customer groups include component developers seeking
to increase the Technology Readiness Level (TRL) of a
new product in order to reduce risks on future missions
and science/tactical instrument developers that cannot
wait for dedicated multi-million dollar missions.
TREADS’ first flight is in late-2009 (the cubesat
version), a second (potentially on an Atlas 5 or Taurus
II) in late-2010 (the hosted version), and a third in 2011
Wichman

The TREADS-H platform was initially developed off a
NASA STTR Phase II program. The hosted TREADS
bus was designed to test electronics in space to
characterize their radiation survivability. The avionics
from the TREADS-H bus are used in the TREADS-C
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and TREADS-S platforms as well. This provides
excellent modularity between platforms and allows us
to quickly build any variant required for the particular
payloads for that flight. The radiation hardened
avionics have the flight heritage and TRL levels to form
the “trusted side” of the bus, and typically there is an
extra dedicated processor that will exercise the
payloads under test (except in the small TREADS-C
configuration where the flight computer will actually
exercise the one or two payloads on-board).
Redefine's TREADS family of testbeds answers the
industry's call to enable a path towards incorporating a
test flight into the standard development cycle.
SOURCES
(1) https://acc.dau.mil/CommunityBrowser.aspx?
iSd=144143&lang=en-US
(2)
http://en.wikipedia.org/wiki/Technology_Readiness_
Level

Wichman
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